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U N I V E R S I T Y  O F  HAWAII  AT MANOA 
A s t a n d  o f  h e a l t h y  k i k u y u g r a s s  e s t a b l i s h e d  a l o n g  a r o a d s i d e  i n  
H a w a i i  V o l c a n o e s  N a t i o n a l  P a r k .  S u c h  d e n s e  s t a n d s  i n  o p e n ,  
d i s t u r b e d  a r e a s  e x t e n d  i n t o  a d j a c e n t  f o r e s t  m a r g i n s  a n d  may c a u s e  
g r a d u a l  r e t r e a t  o f  n a t i v e  f o r e s t s  b y  p r e v e n t i n g  s e e d l i n g  
e s t a b l i s h m e n t .  
Kikuyugrass closely surrounding and climbing into a native 
'ohi'a-lehua tree at the forest margin. Kikuyugrass climbs 
readily and may cover and shade out shrubby vegetation. 
A p l o t  t r e a t e d  w i t h  0 .3% Roundup 6 months  f o l l o w i n g  a p p l i c a t i o n .  
K i k u y u g r a s s  w i t h i n  t h e  p l o t  ( f o r e g r o u n d )  i s  dead  and m a t t e d ,  i n  
c o n t r a s t  t o  s u r r o u n d i n g  h e a l t h y  k i k u y u g r a s s  ( b a c k g r o u n d ) .  
S e v e r a l  n a t i v e  p a l i n i u  ( A s t e l i a  m e n z i e s i a n a )  p l a n t s  ( a r r o w )  
w i t h i n  t h e  p l o t  were  a p p a r e n t l y  n o t  a f f e c t e d  by t h e  h e r b i c i d e  and 
r ema ined  h e a l t h y .  
E s t a b l i s h m e n t  o f  n a t i v e  p l a n t s  27 m o n t h s  a f t e r  k i k u y u g r a s s  was 
e l i m i n a t e d  w i t h  Roundup. L e f t :  l o h e l o  ( V a c c i n i u m  r e t i c u l a t u m ) .  
R i g h t :  kukae-nene  (Coprosma  e r n o d e o i d e s ) .  
Establishment of exotic ginger (Hedychium sp.) seedlings 27 
months after kikuyugrass was eliminated with Roundup. 
Establishment of exotic blackberry (Rubus penetrans) and 
thimbleberry (2. rosaafolius) 27 months after kikuyugrass was 
eliminated with Roundup. 
ABSTRACT: K i k u y u g r a s s  ( P e n n i s e t u m  c l a n d e s t i n u m )  is a n  
i m p o r t a n t  r a n g e  and p a s t u r e  f o d d e r  g r a s s  i n  Hawa i i ,  b u t  i s  
a l s o  a  t r o u b l e s o m e  weed i n v a d i n g  Hawai ian N a t i o n a l  Pa rk  
S e r v i c e  a r e a s .  K i k u y u g r a s s  g rowth  i s  s i g n i f i c a n t l y  r educed  
by 0.05% Roundup (0 .0205% g l y p h o s a t e ) .  T h i s  g r a s s  i s  
e r a d i c a t e d  ( e x c e p t  f o r  e s c a p e s  s h i e l d e d  from s p r a y  c o n t a c t  
i n  t h e  m a t t e d  g r a s s )  by 0.5% o r  g r e a t e r  c o n c e n t r a t i o n s .  
S e n s i t i v i t i e s  o f  o t h e r  n o n n a t i v e  and o f  n a t i v e  p l a n t s  
a s s o c i a t e d  w i t h  k i k u y u g r a s s  v a r i e d  a c c o r d i n g  t o  t h e  s p e c i e s ,  
e x t e n t  o f  c o v e r a g e  p l a n t  s i z e ,  and  h e r b i c i d e  c o n c e n t r a t i o n .  
S e l e c t i v i t y  a g a i n s t  k i k u y u g r a s s  w h i l e  p r e s e r v i n g  mos t  
a s s o c i a t e d  n a t i v e  s p e c i e s  was g e n e r a l l y  p o s s i b l e  w i t h  0 .5  t o  
1% Roundup, e s p e c i a l l y  i f  c a r e  is  t a k e n  i n  a p p l i c a t i o n  t o  
a v o i d  undue e x p o s u r e  t o  n a t i v e  p l a n t s .  C o n t r o l  o f  
k i k u y u g r a s s  w i t h  g l y p h o s a t e  i n  n a t u r a l  a r e a s  is  t h e r e f o r e  a  
f e a s i b l e  and  p r a c t i c a l  management a p p r o a c h .  
INTRODUCTION 
Kikuyugr a s s  ( P e n n i s e t u m  c l a n d e s t i n u m )  , a  p e r e n n i a l  
r h i z o m a t o u s  g r a s s  n a t i v e  t o  t r o p i c a l  ~ f r i c a ,  was i n t r o d u c e d  t o  
Hawai i  i n  1924 f o r  u s e  as  a g r o u n d  c o v e r  and a s  a  f o r a g e  s p e c i e s  
(Hosaka  1958 ,  Neal 1965 ,  R o t a r  1 9 6 8 ) .  Whi le  k i k u y u g r a s s  r e m a i n s  
a v a l u a b l e  and  w i d e l y  u s e d  p a s t u r e  and  r a n g e  g r a s s  i n  Hawa i i ,  
t h i s  s p e c i e s  h a s  e s c a p e d  i t s  i n t e n d e d  r a n g e  i n  l a n d s  a d j a c e n t  t o  
N a t i o n a l  P a r k  S e r v i c e  (NPS) a r e a s ,  o r  h a s  been  b r o u g h t  i n t o  NPS 
a r e a s  i n a d v e r t e n t l y  t o  become well e s t a b l i s h e d  i n  many o f  t h e  
m i d - e l e v a t i o n  ( a b o u t  800 t o  1 , 6 0 0  m )  w e t t e r  r e g i o n s  ( a b o u t  330 c m  
a n n u a l  r a i n f a l l )  o f  b o t h  Hawai i  V o l c a n o e s  and H a l e a k a l a  N a t i o n a l  
P a r k s  . 
K i k u y u g r a s s  is  v a r i o u s l y  r e g a r d e d  a s  a d e s i r a b l e  o r  a s  a n  
u n d e s i r a b l e  s p e c i e s  i n  o t h e r  l o c a l i t i e s  ( e . g .  A f r i c a ,  A u s t r a l i a ,  
Colombia ,  N e w  Z e a l a n d )  as  w e l l  a s  i n  H a w a i i ,  and  r e f e r e n c e s  may 
b e  found  i n  t h e  l i t e r a t u r e  t o  b o t h  i t s  p e r p e t u a t i o n  and i t s  
c o n t r o l  (Cook and OIGrady  1978 ,  Hosaka 1958 ,  K i l a v u k a  and  Magambo 
1977 ,  L a v a l u e  1973 ,  P e r c i v a l  1978 ,  Rowe and OtConnor  1975 ,  Souza 
and Gu imaraes  1 9 7 6 ) .  The U. S. Depa r tmen t  o f  A g r i c u l t u r e  h a s  
c l a s s i f i e d  k i k u y u g r a s s  a s  a n o x i o u s  weed i n  t h e  c o n t i g u o u s  48 
s t a t e s  and  now e n f o r c e s  r e g u l a t i o n s  p r e v e n t i n g  i t s  i m p o r t a t i o n  
(USDA 1 9 8 1 ) .  
N a t i o n a l  P a r k  S e r v i c e  o b j e c t i v e s  i n  p r e s e r v i n g  n a t i v e  
e c o s y s t e m s  a r e  o f t e n  a t  v a r i a n c e  w i t h  t h o s e  o f  a d j a c e n t  l a n d  u s e s  
( e . g .  a g r i c u l t u r e ,  r a n g e l a n d ) .  A c c e p t a b l e  c o n t r o l  me thods  m u s t  
t h e r e f o r e  b e  c o n f i n a b l e  t o  t h e  p rob l em a r e a  s u c h  t h a t  t h e y  d o  n o t  
c o n f l i c t  w i t h  o t h e r  i n t e r e s t s .  T h i s  r e q u i r e m e n t  p r e c l u d e s  t h e  
u s e  o f  b i o l o g i c a l  c o n t r o l  a p p r o a c h e s  i n v o l v i n g  i n s e c t s  o r  
d i s e a s e s .  
The p r e s e n c e  o f  t h i s  n o n n a t i v e  ( e x o t i c )  g r a s s  i n  NPS a r e a s  
is  n o t  c o n s i s t e n t  w i t h  NPS p o l i c y  which  s p e c i f i e s  t h a t  n a t i v e  
p r o c e s s e s  a r e  t o  b e  p r e s e r v e d ,  and  t h a t  " n o n n a t i v e  s p e c i e s  o f  
p l a n t s  and  a n i m a l s  w i l l  be e l i m i n a t e d  where  i t  i s  p o s s i b l e  t o  do  
s o  by  a p p r o v e d  me thods  which  w i l l  p r e s e r v e  w i l d e r n e s s  q u a l i t i e s "  
(NPS 1 9 7 0 ) .  K i k u y u g r a s s  is  a n  a g g r e s s i v e  i n v a d e r  o f  n a t i v e  
Hawai ian  e c o s y s t e m s ,  where  i t  d e v e l o p s  d e n s e ,  t a n g l e d  mats 
c l o s e l y  s u r r o u n d i n g  n a t i v e  v e g e t a t i o n  and e v e n  e x t e n d i n g  r u n n e r s  
i n t o  t h e  uppe r  b r a n c h e s  o f  t r e e s  and s h r u b s .  Such mats i n  o l d e r  
k i k u y u g r a s s  s t a n d s  may a p p r o a c h  1 m e t e r  i n  d e p t h .  Encroachment  
o f  t h i s  s p e c i e s  i n t o  r a i n f o r e s t s  f rom a d j a c e n t  open  p a s t u r e s  and  
meadows is r e g a r d e d  by  NPS r e s o u r c e s  m a n a g e r s  a s  a s e r i o u s  t h r e a t  
t o  t h e  i n t e g r i t y  o f  s u c h  f o r e s t s .  A l though  k i k u y u g r a s s  i s  s h a d e  
i n t o l e r a n t  and would n o t  r e a d i l y  i n v a d e  a  f o r e s t  i n t e r i o r ,  i t  is  
c a p a b l e  o f  e x t e n d i n g  i n t o  t h e  f o r e s t  m a r g i n s  where  i t  s m o t h e r s  
and k i l l s  s m a l l  t r ee s  and s h r u b s  and p r e v e n t s  e s t a b l i s h m e n t  o f  
n a t i v e  s e e d l i n g s  i n  t h e s e  r e g i o n s .  The f o r e s t  t h e r e b y  g i v e s  way 
t o  a d v a n c i n g  k i  kuyugr a s s  s t a n d s .  
R e c e n t  s t u d i e s  and r e p o r t s  (New S o u t h  Wales  Depa r tmen t  o f  
A g r i c u l t u r e  1 9 7 8 ,  Hanson - e t  - a l .  1 9 8 0 ,  Londono and Cruz 1976 ,  
Mejia  and 
shown t h e  
i n  k i  kuyug 
i n  war i o u s  
few p e s t i c  
Romero 1977,  Read 1978 ,  Romero and Mej ia  1976)  have  
e f f e c t i v e n e s s  o f  t h e  h e r b i c i d e  g l y p h o s a t e  (Anon. 1979)  
r a s s  c o n t r o l  under  a  number o f  e n v i r o n m e n t a l  c o n d i t i o n s  
c o u n t r i e s .  T h i s  compound is  a l s o  among t h e  r e l a t i v e l y  
i d e s  which have  been  approved  f o r  u se  i n  NPS a r e a s .  
The o b j e c t i v e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  
e f f e c t i v e n e s s  o f  g l y p h o s a t e  i n  t h e  c o n t r o l  o f  k i k u y u g r a s s  under  
t h e  e n v i r o n m e n t a l  c o n d i t i o n s  where t h i s  s p e c i e s  is  a  problem,  
w h i l e  a t  t h e  same time p r e s e r v i n g  t h e  a s s o c i a t e d  n a t i v e  Hawaiian 
v e g e t a t i o n  t y p e s  which t h e  NPS is c h a r g e d  t o  p r o t e c t .  
MATERIALS AND METHODS 
Twenty-four 25 m 2  t r e a t m e n t  p l o t s  were e s t a b l i s h e d  i n  a  
d e n s e  h e a l t h y  s t a n d  o f  k i k u y u g r a s s  which was e n c r o a c h i n g  i n t o  a 
n a t i v e  ' o h i s  a - l e h u a  ( ~ e t r 6 s i d e r o s  --- c o l l i n a  s u b s p .  w) 
r a i n f o r e s t  from a  r e l a t i v e l y  open a r e a  a t  a p p r o x i m a t e l y  1 ,200  m 
e l e v a t i o n  i n  Hawaii  Vo lcanoes  N a t i o n a l  Pa rk .  The mean a n n u a l  
r a i n f a l l  was 330 cm and ths n e a n  t e m p e r a t u r e  was 1 7 ' ~ .  The 
f o r e s t  c o n s i s t e d  o f  numerous f e r n ,  h e r b a c e o u s ,  s h r u b ,  and s m a l l  
t r e e  s p e c i e s  i n  a d d i t i o n  t o  B o h i ' a - l e h u a .  Al though t h e  p l o t s  
were u n i f o r m l y  domina ted  by k i k u y u g r a s s ,  t h e y  were s e l e c t e d  s u c h  
t h a t ,  a s  n e a r l y  a s  p o s s i b l e ,  o t h e r  p l a n t  s p e c i e s  were  r e p r e s e n t e d  
a s  w e l l .  B u f f e r  z o n e s  o f  u n t r e a t e d  v e g e t a t i o n  s e p a r a t e d  t h e  
p l o t s  f rom one  a n o t h e r  by a t  l e a s t  5  m e t e r s .  T r e a t e d  p l o t s  were 
compared w i t h  u n t r e a t e d  a d j a c e n t  a r e a s  o f  s i m i l a r  s i z e  and 
v e g e t a t i o n  c o m p o s i t i o n .  
The h e r b i c i d e  Roundup (Monsanto Co. ) *  , o f  which 4 1 %  is t h e  
a c t i v e  i n g r e d i e n t  g l y p h o s a t e  [N-(phosphonomethyl )  g l y c i n e ]  , was 
used  i n  t h i s  s t u d y .  H e r b i c i d e  c o n c e n t r a t i o n s  o f  0.05 (0 .0205% 
g l y p h o s a t e ) ,  0 .1 ,  0 .3 ,  O . S 1  l r  2 1  4 ,  and 6% i n  aqueous  s o l u t i o n s  
were a p p l i e d  i n  a  randomized p l o t  d e s i g n  c o n s i s t i n g  of  t h r e e  
r e p l i c a t i o n s  f o r  e a c h  c o n c e n t r a t i o n .  
Each p l o t  was s p r a y e d  u n i f o r m l y  w i t h  3 l i t e r s  o f  h e r b i c i d e  
s o l u t i o n  w i t h  a  s m a l l  hand pump s p r a y e r  a d j u s t e d  t o  d e l i v e r  a  
f i n e  s p r a y  under  normal  o p e r a t i n g  p r e s s u r e .  T h i s  volume was 
s u f f i c i e n t  f o r  t h e  s p r a y  t o  c o n t a c t  most  l e a v e s  i n  t h e  p l o t  t o  a  
p r e - s a t u r a t i o n  l e v e l ,  b u t  i n s u f f i c i e n t  t o  r e s u l t  i n  s i g n i f i c a n t  
r u n o f f .  N a t i v e  and o t h e r  e x o t i c  p l a n t s  w i t h i n  e a c h  p l o t  were 
a l s o  s p r a y e d ,  w i t h  no a t t e m p t  e i t h e r  t o  a v o i d  them o r  t o  t r e a t  
them p r e f e r e n t i a l l y .  Each p l o t  was t r e a t e d  o n l y  o n c e ,  and t h e  
h e r b i c i d e  was a p p l i e d  a t  midday when l e a f  s u r f a c e s  were d r y .  No 
r a i n  f e l l  f o r  a t  l e a s t  4  h o u r s  f o l l o w i n g  t r e a t m e n t .  P l o t s  were 
t r e a t e d  i n  t h e  summer ( J u n e ) ;  however ,  t h e  s e a s o n  o f  t r e a t m e n t  
was n o t  c o n s i d e r e d  c r i t i c a l  t o  t h i s  t e s t  s i n c e  k i k u y u g r a s s ,  a s  
w e l l  a s  mos t  o t h e r  p l a n t  s p e c i e s  i n  t h e  t r e a t m e n t  a r e a ,  t y p i c a l l y  
remain  g r e e n  and i n  a n  a c t i v e  s t a t e  t h r o u g h o u t  t h e  y e a r .  
*Mention o f  a t r ademark  name o r  a  p r o p r i e t a r y  p r o d u c t  d o e s  n o t  
c o n s t i t u t e  a  g u a r a n t e e  o r  w a r r a n t y  o f  t h e  p r o d u c t  by  t h e  U. S. 
Depar tment  o f  t h e  I n t e r i o r ,  and d o e s  n o t  imply  a p p r o v a l  o f  i t  t o  
t h e  e x c l u s i o n  o f  o t h e r  p r o d u c t s  t h a t  may a l s o  be  s u i t a b l e .  
T r e a t m e n t  e f f e c t s  were  e v a l u a t e d  a t  weekly  i n t e r v a l s ,  and  
r e s u l t s  were r e c o r d e d  a t  4 ,  5 ,  and 1 0  weeks f o l l o w i n g  t r e a t m e n t .  
The p l o t s  were  a l s o  o b s e r v e d  a f t e r  6 months t o  a s c e r t a i n  
r e c o l o n i z a t i o n  t r e n d s  o f  t r e a t e d  a r e a s .  R e a c t i o n  s e v e r i t y  f o r  
e a c h  s p e c i e s  was r e c o r d e d  i n  n u m e r i c a l  t e r m s  on  a  0-5 s e v e r i t y  
r a t i n g  s c a l e  which c o r r e s p o n d e d  t o  t h e  f o l l o w i n g  c a t e g o r i e s :  < l o ,  
10-25, 26-50, 51-75, 76-95,  and > 95 p e r c e n t  m o r t a l i t y .  T h e  d a t a  
were s u b j e c t e d  t o  an  a n a l y s i s  o f  v a r i a n c e  and a n  F - t e s t .  
The p l a n t  n o m e n c l a t u r e  o f  S t .  J o h n  ( 1 9 7 3 )  and of  P o r t e r  
( 1 9 7 2 )  was g e n e r a l l y  f o l l o w e d  t h r o u g h o u t  t h i s  s t u d y .  
RESULTS AND DISCUSSION 
K i k u y u g r a s s  was g e n e r a l l y  s e n s i t i v e  t o  g l y p h o s a t e  i n  a l l  
c o n c e n t r a t i o n s  a p p l i e d .  G r e a t e r  t h a n  95% k i l l  o f  above-ground 
p o r t i o n s  was o b t a i n e d  w i t h  c o n c e n t r a t i o n s  of  0.5% Roundup o r  
g r e a t e r  ( T a b l e  1).  S i n c e  t h e  s t a n d s  o f  k i k u y u g r a s s  w i t h i n  e a c h  
p l o t  were  d e n s e ,  some g r a s s  l e a v e s  were  u n d o u b t e d l y  s h i e l d e d  f rom 
s p r a y  c o n t a c t ,  r e s u l t i n g  i n  t h e  o c c a s i o n a l  e s c a p e s  which were  
o b s e r v e d .  Under t h e  c o n d i t i o n s  o f  t h e i r  tests,  M e j i a  and Romero 
( 1 9 7 7 )  s t a t e d  t h a t  r a i n f a l l  w i t h i n  6 h o u r s  a f t e r  a p p l i c a t i o n  
s i g n i f i c a n t l y  r e d u c e d  g l y p h o s a t e  e f f e c t i v e n e s s ,  p e r h a p s  l i m i t i n g  
i ts p r a c t i c a l i t y  i n  a r e a s  w i t h  f r e q u e n t  r a i n f a l l .  However, unde r  
t h e  c o n d i t i o n s  o f  t h e  c u r r e n t  s t u d y ,  h e r b i c i d e  s o l u t i o n  was no 
l o n g e r  e v i d e n t  a f t e r  a p p r o x i m a t e l y  2 h o u r s .  The s o l u t i o n  was 
presumed t o  have  l a r g e l y  been  a b s o r b e d  by t h e  p l a n t  t i s s u e  d u r i n g  
t h i s  time s i n c e  Roundup i s  known ( p e r s o n a l  o b s e r v a t i o n )  t o  b e  
r a p i d l y  a b s o r b e d  by t i s s u e s  o f  o t h e r  p l a n t s ;  however ,  d r y i n g  on  
t h e  l e a f  s u r f a c e  may a l s o  have  o c c u r r e d .  
K i k u y u g r a s s  showed l i t t l e  t e n d e n c y  t o  become r e e s t a b l i s h e d  6 
months  f o l l o w i n g  t r e a t m e n t .  The l i m i t e d  r e g e n e r a t i o n  which d i d  
o c c u r  w i t h i n  t h e  p l o t s  t r e a t e d  w i t h  lower  Roundup c o n c e n t r a t i o n s  
(0 .05  t o  0 .3%)  a r o s e  f rom c o n t i n u e d  g rowth  o f  t h e  o r i g i n a l  
e s c a p e s  r a t h e r  t h a n  f rom new r o o t  s p r o u t s ,  i n d i c a t i n g  t h a t  r o o t s ,  
as well  a s  p h o t o s y n t h e t i c  rh izome p a r t s ,  were  k i l l e d  by t h e  
s i n g l e  h e r b i c i d e  a p p l i c a t i o n .  R e i n v a s i o n  by h e a l t h y  k i k u y u g r a s s  
f rom t h e  p l o t  m a r g i n s  a c c o u n t e d  f o r  mos t  of t h e  r e e s t a b l i s h m e n t  
i n  p l o t s  t o  which h i g h e r  Roundup c o n c e n t r a t i o n s  were  a p p l i e d .  
T o t a l  r e e s t a b l i s h m e n t  f rom a l l  s o u r c e s  was l e s s  t h a n  1 0 %  i n  t h e  
0 .5% t r e a t m e n t  p l o t s ,  and d e c r e a s e d  f rom 5  t o  less t h a n  2 %  i n  t h e  
1 t o  6% Roundup t r e a t m e n t s ,  r e s p e c t i v e l y .  
I n  a d d i t i o n  t o  i t s  e f ' f e c t s  on  k i k u y u g r a s s ,  o t h e r  e x o t i c  
g r a s s e s  (sweet v e r n a l  g r a s s ,  Anthoxanthurn odora tum;  v e l v e t g r a s s ,  
Holcus  l a n a t u s ;  and paspa lum g r a s s ,  Paspalurn d i l a t a t u m )  were  
s e n s i t i v e  t o  g l y p h o s a t e  and d i d  n0.t r e g e n e r a t e ,  w h e r e a s  
S t .  A u g u s t i n e  g r a s s  ( S t e n o t a p h r u m  secunda tum)  s u r v i v e d  e v e n  t h e  
6% Roundup t r e a t m e n t  and  e s t a b l i s h e a  new g rowth  a f t e r  6 months .  
O the r  e x o t i c  s p e c i e s  which were  n o t  r e a d i l y  c o n t r o l l e d  by 
g l y p h o s a t e  and  which l i k e w i s e  p r o l i f e r a t e d  i n  t h e  a b s e n c e  o f  
k i k u y u g r a s s  i n c l u d e d  honohono " g r a s s "  (Commelina d i f f u s a )  and 
y e l l o w  g i n g e r  (Hedychium f  l a v e s c e n s )  . Although  t r  i t o n i a  
( T r i t o n i a  c r o c o s m i f l o r a )  was c o n t r o l l e d  by g l y p h o s a t e  i n  h i g h e r  
c o n c e n t r a t i o n s  ( 4  and 6% Roundup) ,  t h i s  s p e c i e s  was one  of t h e  
most  p r o m i n e n t  e x o t i c  r e c o l o n i z e r s  o f  t r e a t e d  p l o t s .  
~ a t i v e  p l a n t s  a s s o c i a t e d  w i t h  k i k u y u g r a s s  i n  t h e  t r e a t m e n t  
a r e a  i n c l u d e d  s h r u b s ,  t r e e s ,  and l a r g e  f e r n s .  Some o f  t h e s e  
o c c u r  o n l y  i n  l i m i t e d  a r e a s  of Hawai i ,  whe reas  o t h e r s  a r e  more 
w i d e l y  d i s t r i b u t e d  i n  o t h e r  l o c a l i t i e s  a s  w e l l .  S e n s i t i v i t y  t o  
g l y p h o s a t e  among many of t h e s e  s p e c i e s  depended i n  p a r t  on t h e  
e x t e n t  t o  which t h e  f o l i a g e  was c o n t a c t e d  by t h e  s p r a y .  Thus,  
s m a l l  p l a n t s  o f  t r e e  ' o h e l o  (Vacc in ium c a l y c i n u m ) ,  l o h i l a - l e h u a ,  
and 'ama'uma'u ( S a d l e r i a  c y a t h e o i d e s )  whose f o l i a g e  was c l o s e l y  
a s s o c i a t e d  w i t h  t h e  k i k u y u g r a s s  were k i l l e d  o r  s e v e r e l y  damaged, 
whereas  f o l i a g e  o f  l a r g e r  p l a n t s  of  t h e s e  s p e c i e s  e s c a p e d  d i r e c t  
s p r a y  c o n t a c t  and  t h e  p l a n t s  e x h i b i t e d  l i t t l e  o r  no e f f e c t .  The 
n a t i v e  i s a c h n e  g r a s s  ( I s a c h n e  d i s t i c h o p h y l l a )  which was r a r e  i n  
t h e  s t u d y  a r e a  and was t r e a t e d  o n l y  w i t h  0.3% Roundup, i n i t i a l l y  
a p p e a r e d  e x t r e m e l y  s e n s i t i v e ;  however,  some r e g e n e r a t i o n  of  t h i s  
s p e c i e s  was o b s e r v e d  a f t e , r  6 months.  Another n a t i v e  s p e c i e s ,  
de schamps ia  g r a s s  ( ~ e s c h a r n p s i a  a u s t r a l i s ) ,  e x h i b i t e d  less  
s e n s i t i v i t y  t h a n  d i d  k i k u y u g r a s s  a t  comparab le  h e r b i c i d e  
c o n c e n t r a t i o n s .  S e n s i t i v i t i e s  of  o t h e r  n a t i v e  s p e c i e s  t o  
g l y p h o s a t e  a r e  l i s t e d  i n  T a b l e  1. 
Although t h e  s e n s i t i v i t i e s  of  n a t i v e  p l a n t s  t o  g l y p h o s a t e  
- - -  
v a r i e d  c o n s i d e r a b l y ,  most  of t hese  s p e c i e s  s u r v i v e d  t h e  t r e a t m e n t  
and  o f t e n  p r o l i f e r a t e d  and r e g e n e r a t e d  new g rowth  a f t e r  6 months.  
N o t a b l e  among t h e s e ,  i n  a d d i t i o n  t o  t h e  l a r g e r  t rees ,  s h r u b s ,  and 
f e r n s  men t ioned  above ,  were s m a l l  p l a n t s  o f  l o h i l a - l e h u a  and t h e  
low o r  c r e e p i n g  h e r b a c e o u s  s p e c i e s  w a w a e l i o l e  ( ~ y c o p o d i u m  
ce rnuum) ,  kukae-nene (Coprosma e r n o d e o i d e s ) ,  K i l a u e a  h e d y o t i s  
(Hed o t i s  c e n t r a n t h o i d e s ) ,  and p a l i n i u  ( A s t e l i a  m e n z i e s i a n a ) .  
Some *t h e s e  n a t i v e  s p e c i e s  s u r v i v e d  even  t h e  6% Roundup 
t r e a t m e n t  ( a l t h o u g h  w i t h  l i t t l e  o r  no new g rowth  among t h e  
h e r b a c e o u s  f o r m s ) .  These  p l a n t s ,  t o g e t h e r  w i t h  t h e  e x o t i c s  S t .  
~ u g u s t i n e  g r a s s ,  t r i t o n i a ,  and young s h o o t s  of y e l l o w  g i n g e r ,  
domina ted  t h e  s p a r s e  v e g e t a t i o n  i n  t h e s e  p l o t s  a f t e r  6 months .  
O the r  n a t i v e  s p e c i e s  s u c h - a s  c y p e r u s  ( ~ y p e r u s  p o l y s t a c h y u s )  which 
were s e n s i t i v e  t o  g l y p h o s a t e  and which showed l i t t l e  t e n d e n c y  t o  
r e g e n e r a t e  a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  t r o p i c s  and  would n o t  be  
t h r e a t e n e d  by e f f o r t s  t o  c o n t r o l  k i k u y u g r a s s  i n  Hawaiian NPS 
a r e a s .  
I n  a d d i t i o n  t o  t h e  10-week and t h e  6 month e v a l u a t i o n s  of 
t h e  p l o t s ,  a  l ong - t e rm o b s e r v a t i o n  was made 27  months  f o l l o w i n g  
t r e a t m e n t .  Dur ing  t h i s  p e r i o d ,  t h e  a r e a  i n  which some o f  t h e  
p l o t s  were l o c a t e d  had been  s u b j e c t e d  t o  an o v e r a l l  t r e a t m e n t  
r e p o r t e d l y  w i t h  a b o u t  1% Roundup a s  p a r t  o f  a  g e n e r a l  k i k u y u g r a s s  
e r a d i c a t i o n  e f f o r t  under t a k e n  by p a r k  management. Thus,  t h e  
27-month e v a l u a t i o n  r e f l e c t e d  t h e  r e s u l t s  of  a  s e c o n d a r y  
t r e a t m e n t ,  a p p l i e d  a p p r o x i m a t e l y  8 months  f o l l o w i n g  t h e  i n i t i a l  
a p p l i c a t i o n ,  whe reas  t h e  r e m a i n i n g  p l o t s  had r e c e i v e d  o n l y  t h e  
i n i t i a l  t r e a t m e n t .  
The p l o t s  r e c e i v i n g  two t r e a t m e n t s  i n c l u d e d  some o f  t h o s e  
o r i g i n a l l y  t r e a t e d  w i t h  1 t o  6% Roundup. P l o t s  t r e a t e d  i n i t i a l l y  
w i t h  less t h a n  0.5% Roundup showed minimal  k i k u y u g r a s s  c o n t r q l .  
These  a r e a s  were  overgrown w i t h  h e a l t h y - a p p e a r i n g  k i k u y u g r a s s  
a f t e r  27 months.  P l o t s  which were  t r e a t e d  w i t h  g r e a t e r  t h a n  0.5% 
~ o u n d u p  c o n t i n u e d  t o  show s u b s t a n t i a l  c o n t r o l  w i t h  m a t s  of dead  
k i k u y u g r a s s  s t i l l  c o v e r i n g  t h e  ground.  Numbers of  d e a t h s  among 
endemic and i n d i g e n o u s  s p e c i e s  a l s o  a p p e a r e d  t o  have i n c r e a s e d  a t  
h e r b i c i d e  d i l u t i o n s  g r e a t e r  t h a n  1%. 
No a p p a r e n t  d i f f e r e n c e s  i n  k i k u y u g r a s s  c o n t r o l  were  n o t e d  
among p l o t s  t o  which o n l y  an o r i g i n a l  t r e a t m e n t  o f  a t  l e a s t  0 .5% 
Roundup was a p p l i e d  and  t h o s e  r e c e i v i n g  a  s e c o n d a r y  1% t r e a t m e n t .  
Both se ts  o f  p l o t s  showed 0  t o  10% c o v e r  o f  k i k u y u g r a s s ,  
depend ing  on t h e  h e r b i c i d e  c o n c e n t r a t i o n  o f  t h e  o r i g i n a l  
t r e a t m e n t .  T h i s  cove r  r e s u l t e d  e i t h e r  from r e e s t a b l i s h m e n t  of  
new i n d i v i d u a l s  o r  f rom e s c a p e s .  A t endency  f o r  k i k u y u g r a s s  t o  
r e i n v a d e  from t h e  m a r g i n s  was a l s o  n o t e d  among t h o s e  p l o t s  which 
were s t i l l  s e p a r a t e d  from one a n o t h e r  by b u f f e r  z o n e s  of 
u n t r e a t e d  v e g e t a t i o n ,  whe reas  l i t t l e  h e a l t h y  k i k u y u g r a s s  was 
p r e s e n t  i n  t h e  e n t i r e  r e g i o n  which had been g e n e r a l l y  t r e a t e d  a  
s econd  time. T h i s  i l l u s t r a t e s  t h e  r e l a t i v e  e f f i c i e n c y  of a  
w i d e s c a l e  t r e a t m e n t  program i n  which a l l  k i k u y u g r a s s  i n  a  l a i g e  
a r e a  is t r e a t e d  a t  once ,  t h e r e b y  p r e v e n t i n g  r e i n v a s i o n  of  c l e a r e d  
a r e a s  f rom a d j a c e n t  u n t r e a t e d  zones .  
As ide  f rom k i k u y u g r a s s ,  new i n d i v i d u a l s  of s e v e r a l  s p e c i e s  
had become e s t a b l i s h e d  w i t h i n  t h e  t r e a t e d  p l o t s  a f t e r  27  months .  
S e e d l i n g s  and  s p o r e l i n g s  of  major  r e c o l o n i z i n g  n a t i v e  p l a n t s  
i n c l u d e d  k i l a u  ( P t e r i d i u m  a q u i l i n u m ) ,  kukae-nene,  w a w a e v i o l e ,  
c y p e r u s ,  and  K i l a u e a  h e d y o t i s .  O t h e r  newly e s t a b l i s h e d  n a t i v e s  
i n c l u d e d  'ama'uma'u,  ' o h e l o  (Vacc in ium r e t i c u l a t u m ) ,  t r ee  ' o h e l o ,  
' o h i ' a - l e h u a ,  kupaoa ( D u b a u t i a  s c a b r a ) ,  i s a c h n e  g r a s s ,  and 
ko lea - l au -nu i  (Myrs i n e  l e s s e r  t i a n a )  . Broomsedge (Androposon 
v i r  i n i c u s ) ,  v e l v e t g r a s s ,  and paspalurn g r a s s  were t h e  major  br e c o l o n  z i n g  e x o t i c  g r a s s e s .  T r i t o n i a ,  p r i c k l y  F l o r i d a  
b l a c k b e r r y  known l o c a l l y  a s  Rubus p e n e t r a n s ) ,  t h i m b l e b e r r y  ( R .  
r o s a e f o l i u s )  , and g i n g e r  were  a l s o  a b u n d a n t l y  e s t a b l i s h g d  
e x o t i c s .  O t h e r  newly e s t a b l i s h e d  i n d i v i d u a l s  of e x o t i c  s p e c i e s  
o c c u r r i n g  less f r e q u e n t l y  i n c l u d e d  i ronweed  ( V e r n o n i a  c i n e r e a ) ,  
Hypericum d e g e n e r i ,  honohono " g r a s s " ,  J a p a n e s e  anemone (Anemone 
' a  o n i c a )  b u t t e r f l y  bush ( B u d d l e j a  a s i a t i c a ) ,  s t r a w b e r r y  guava 
' c a t t l e i a n u m )  , h a i r y  c a t ' s  e a r  ( H y p o c h o e r i s  r a d i c a t a )  , 
C a r o l i n a  ge ran ium (Geranium c a r o l i n i a n u m ) ,  and European 
s t r a w b e r r y  ( F r a g a r i a  v e s c a )  . 
SUMMARY AND MANAGEMENT IMPLICATIONS 
These tes ts  d e m o n s t r a t e  t h a t  g l y p h o s a t e  may be e f f e c t i v e  i n  
c o n t r o l l i n g  k i k u y u g r a s s  i n  and a round  Hawai ian  f o r e s t s  managed a s  
n a t i v e  e c o s y s t e m s .  T h i s  c h e m i c a l  may be  a p p l i e d  i n  
c o n c e n t r a t i o n s  and amounts  which w i l l  a l l o w  s e l e c t i v i t y  between 
k i k u y u g r a s s  and most s p e c i e s  of n a t i v e  p l a n t s  a s s o c i a t e d  w i t h  
t h i s  e x o t i c  g r a s s ,  p r o v i d e d  t h a t  c a r e  is t a k e n  t o  a v o i d  undue 
exposure of n a t i v e s  t o  the herbicide.  T h i s  s tudy,  which was 
designed t o  evalua te  the e f f e c t s  of s i n g l e  glyphosate 
app l i ca t ions ,  i n d i c a t e s  t h a t  Roundup concent ra t ions  of 0 . 5  t o  1% 
( 5  t o  1 0  m l  per l i t e r  of water or  about 1 l / 4  t o  2 1 / 2  
tablespoons per g a l l o n )  a r e  the most e f f e c t i v e  f o r  kikuyugrass 
con t ro l  while causing t h e  l e a s t  damage t o  the  majori ty  of 
associa ted  na t ive  p l a n t s .  Some damage t o  na t ives  may s t i l l  be 
expected, however. 
Application should be a s  uniform a s  poss ib le ,  w i t h  
s u f f i c i e n t  spray pressure  t h a t  the  d r o p l e t s  a r e  evenly dispersed 
and cover the t a r g e t  vegeta t ion  ts a  pre-runoff s t age .  Enough 
time should e l apse  between app l i ca t ion  and r a i n f a l l  t h a t  the 
herbicide so lu t ion  i s  no longer evident  on sprayed leaves.  I f  
heavy r a i n  f a l l s  s h o r t l y  following app l i ca t ion ,  re treatment  may 
be necessary. Galvanized metsl  conta iners  should not be used f o r  
Roundup s o l u t i o n s  and care  should be taken t h a t  the  water used 
fo r  making s o l u t i o n s  be clean and f r e e  from s o i l .  Mud or o ther  
impur i t ies  i n  the  water may decrease the a c t i v i t y  of t h i s  
herbicide and the re fo re  cause i& t o  be l e s s  e f f e c t i v e .  A s  w i t h  
other  p e s t i c i d e s ,  a l l  other  precaut ions  and i n s t r u c t i o n s  on the  
container  l a b e l  should be understood and complied w i t h .  
Treated a reas  should be monitored a s  the  app l i ca t ion  r e s u l t s  
become v i s i b l e  and pa tches  of kikuyugrass which may have escaped 
the i n i t i a l  spray should be t r e a t e d  t o  prevent rapid reinvasion 
of c leared  areas .  Although a  s i n g l e ,  thorough app l i ca t ion  w i t h  
a t  l e a s t  0.5% Roundup i s  e f f e c t i v e  i n  l imi t ing  kikuyugrass, other 
treatment procedures,  such a s  two or more app l i ca t ions  Roundup i n  
low concent ra t ions  a t  i n t e r v a l s  of s e v e r a l  weeks may a l s o  be 
s a t i s f a c t o r y  and a id  i n  allowing more complete coverage. 
However, Romero and Mejia ( 1 9 7 6 )  i n  Colombia reported t h a t  
" s p l i t "  app l i ca t ions  of glyphosate ( t h a t  is, d iv id ing  the des i red  
dosage between two app l i ca t ions  a t  a  2-week i n t e r v a l )  were l e s s  
e f f e c t i v e  i n  kikuyugrass con t ro l  than were s i n g l e  a p p l i c a t i o n s  of 
a  given amount. Careful t reatment  t o  avoid undue spray exposure 
t o  na t ive  p l a n t  fo l i age  may provide a  s i g n i f i c a n t  s e l e c t i v e  
advantage f o r  these  spec ies  i n  maintaining the  i n t e g r i t y  of the  
na t ive  vegeta t ion  i n  the  treatment a rea .  
The r e s u l t s  of t h i s  study ind ica te ,  however, t h a t  
e l iminat ion  of an e x o t i c  spec ies  such as  kikuyugrass which had 
formerly dominated a n  a r e a  may encourage rap id  invasion of other 
na t ive  and e x o t i c  spec ies .  Some of these  exo t i c s ,  such as  
t r i t o n i a  and S t .  Augustine g rass ,  may be d i f f i c u l t  t o  con t ro l  
w i t h  glyphosate.  Other approaches, the re fo re ,  e i t h e r  through the  
use of a l t e r n a t e  herb ic ides  or c u l t u r a l  p r a c t i c e s ,  such as  
mechanical removal of aggressive e x o t i c s ,  may have t o  be r e l i e d  
on u n t i l  the  i n t e g r i t y  of these  c leared  a reas  can be 
rees tabl i shed  with d e s i r a b l e  na t ive  spec ies .  
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S p e c i e s  name n a l t i v e  0'.05 0 . 1  0 .3  0.5 1 . 0  2.0 4.0 6.0 ' 
P e n n i s e t u m  c l a n d e s t i n u r n  
O t h e r  g r a s s e s  
Andropoqon v i r s i n i c u s  
Anthoxan thum odora tu rn  
D e s c h a m p s i a  a u s t r a l i s  
~ o l c u s  l a n a t u s  
I s a c h n e  d i s t i c h o p h y l l a  
P a s p a l u m  d i l a t a t u m  
S t e n o t a p h r u m  s e c u n d a t u m  
K i  k u y u g r a s s  e <501'2<50 ~ 9 5  >95 >95 >95 >95 >95 
Broomsedge e -- -- -- -- -- -- >95 -- 
S w e e t  v e r n a l  g r a s s  e >95 -- -- -- -- -- -- -- 
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As te l i a  m e n z i e s i a n a  
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C y p e r u s  p o l y s t a c h ~ u s  
Hedychium f  l a v e s c e n s  
Y a c h a e r i n a  a n q u s t i f o l i a  
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C i b o t i u m  q l a u c u m  Hapul u  n 
E l a p h o q l o s s u m  h i r a t u m  ' Ekaha n 
L ~ c o p o d i u m  cernuum Wawael i o l e  n  
P t e r i d i u m  a q u i l i n u m  K i l a u  n 
S a d l e r i a  c y a t h e o i d e s  'Ama' uma' u  n 
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30ne m e t e r  t a l l  o r  t a l l e r .  
4 ~ e s s  t h a n  1 m e t e r  t a l l .  
